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C807.00/S 

Title: Radiation Source 
Field of the Invention 

This invention relates to a radiation source and in particular to a radiation source 
incorporating semiconductor material and capable of emitting infrared (IR) radiation. 

Background to the Invention 

Radiation sources made from semiconductor material are available which emit ER radiation 
from an active area consisting of A 3 B 5 material and a p-n junction. The source is constructed 
on the basis of an n-InGaAs/p-InGaAs/n-InAs heterostructure and emits radiation of a 
wavelength in the range 2.5-4jim. Typically such sources are used to measure the 
transmittance of a gas mixture in the hydrocarbon absorption band area of 3.3jim. Such 
sources have a long lifetime (more than 30,000 hours) and a narrow spectrum of radiation 
(less than 0.4um), both of which allow these sources to be used in gas analysis equipment. 
However, these sources cannot work at temperatures above 80°C. Furthermore, these 
sources (sources with narrow band substrate) have top wire bonding, as a result of which it is 
difficult to incorporate them with fibres. 

Other semiconductor sources of IR radiation are known which emit radiation in the near IR 
spectral range of the spectrum,, i.e. around l-2.5fim, and are able to work at increased 
temperatures. However, the emitted wavelength is of limited usefulness. 

The present invention aims to provide an improved radiation source for emission of IR 
radiation. 



Summary of the Invention 



According to one aspect of the present invention, there is provided a radiation source 
comprising a first active layer coupled to a second active layer, wherein the first active layer 
produces primary radiation of frequency v, by appropriate stimulation, and the primary 
radiation is converted by the second active layer to secondary radiation of frequency v 2 for 
subsequent output. This two-step process allows the first active layer to emit at one 
frequency, with this frequency then being converted to a different frequency by the second 
active layer. 

Additional active layers may be provided, such that each active layer is coupled to a previous 
active layer, and each active layer subsequent to the first active layer modifies the radiation 
produced by the previous active layer. In this way, the primary radiation may be modified 
as many times as necessary to produce output radiation of a desired frequency and/or to 
produce intermediate frequencies used for reference measurements. 

Whilst the coupling of the first active layer to the second active layer may be achieved by 
affixing a surface of the first active layer to a surface of the second active layer, coupling 
may also be achieved by use of an intermediary layer disposed between the first active layer 
and the second active layer. The intermediary layer is preferably made of polymer 
compounds (epoxy) similar or close to those used for NCR LED encapsulation and paraffin's 
or liquids (suitable for construction of a source prototypes and investigations) or chalcogenic 
glasses. Both classes of intermediary layer have a variety of possible compositions, just to 
mention few glasses containing sulphur: 

l)As 2 S 3 , 

2) S(10-20%)-I(2-60%)-As(l 0-60%)-Sb(2-5%), 
3) As(16-37%)-S(24-30%)-Te(20-41%)-Sb(2-23%), 
4)As(16-38%)-Sb(2-18%)-S(20-30%)-Se(20-40%)-Br(4-17%). 
These materials are substantially optically transparent to the primary radiation, so providing 
optical coupling between the first active layer and the second active layer, that is, to provide 
conditions for radiation from the first active layer to pass through the optical coupling layer 
to reach the second active layer without being modified in frequency and without strong 
reduction of intensity. 
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The intermediary layer preferably has a refractive index n which is less than or equal to the 
refractive index of the active layers positioned either side of the intermediary layer. 

The first active layer may comprise a semiconductor junction, and thus the radiation source 
may further comprise an injection region incorporated in the first active layer, where 
injection of electrical carriers into the first active layer from the injection region stimulates 
the first active layer to emit the primary radiation. The injection region may be provided by 
a p-n junction, with appropriate electrical biasing. 

The first active layer preferably has a direct band gap energy associated with the material 
from which it is made, with the second active layer being associated with a second band gap 
energy, the first band gap energy being much greater than the second band gap energy. 

Desirably, the first active layer has a band gap energy in the range of 0.6 to 1.5 eV where the 
highest radiation efficiencies are available now for spontaneous and stimulated light sources 
( up to 30-50%). Using a wide band gap energy for the first active layer increases the 
efficiency of injection associated with the injection region, or p-n junction, at high 
temperatures. 

First active layer may produce spontaneous or stimulated emission and may be thus 
surrounded by confinement layers to create waveguide effect or by multilayer structure to 
create VCSEL. 

The second active layer may also contain several sublayers to provide suitable electron 
confinement of photopumped nonequlirium carriers. Together with active layer they may 
form structures with one or more heterojunctions, e.g. quantum dot structures, double 
heterostructure or superlattice with active layer thickness in the range of 10 nm to 10 \im or 
up to 100 |-im for graded bad gap layers, and desirably the active layers satisfy the following 
conditions: 



(1) hv max <E subscquCTll • E f *k <E prcvious 

(2) yo. cnay <d< l/a„„ 
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where hv max is the maximum energy for the recombined radiation spectrum in the subsequent 
additional active area, optically connected with the previous active layer; 
E previous is the band gap energy of the previous active layer optically connected with the 
present one; 

E subscquent , E f are the band gap energy and the Fermi energy level of the subsequent optically 
connected additional active layer, respectively; 

d is the thickness of the subsequent optically connected additional active layer; 

a mtry and ct cxit are the effective absorption coefficients for the radiation entering and exiting 

the subsequent additional active layer, respectively. 

As the active layers are separate, yet coupled together, the materials of the respective active 
layers can readily be selected to have different characteristics, such as different band gap 
energies. Thus when using a first active layer and a second active layer, the material of the 
second active layer is desirably selected to respond to the primary radiation so as to produce 
a secondary radiation of frequency in the middle infra-red range. 

Thus desirably the second active layer has a band gap energy of 0.1 to 0.6 eV 

Preferably the first active layer is made of A 3 B 5 material and/or its solid solutions, with 
appropriate dopants used where necessary. The examples are GaAs, InP, GaP, InGaAs, 
InGaAsP with Zn, Mn, Mg, Be as a p-type dopants and Sn, Te as a n-type dopants. 

r 

The second active layer is preferably made of GaSb, InAs, InSb and solid solutions made 
from these compounds and their combinations (heterostructures, superlattices and quantum 
dot structures) so as to produce an energy gap in the material which results in production of a 
secondary radiation having a frequency in the middle IR range during recombination. The 
second layer may be also doped to obtain desired emission efficiency and frequency. Doping 
is useful for the narrow gap materials such as InAs, InSb and their solid solutions since they 
have small density of states in a conduction band and therefore strong degeneration of the 
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band at reasonably low donor concentrations (n-10 is cm" 5 ). Thus emission at energies higher 
than energy gap can be easily achieved due to the Moss-Burshtein effect. 

Preferred materials for the active layers include InAs,. x . y Sb x P y and In 1 . v ,Ga v As 1 . w Sb w where 
x+y<l, w<l and v<l. The composition of these materials preferably varies over a given 
thickness, so as to produce a graded variation in the band gap energy across the material 
Thus typically a narrow band gap energy will exist at one edge of an active layer made from 
the graded material, with a wider band gap energy existing at the other edge. These graded 
materials preferably possess the radial symmetry of a unit cell. 

Where the radiation source comprises at least one active layer made from a graded material, 
preferably the edge of the graded material with the narrow band gap energy adjoins the 
injection region. The second active layer may contain additional layer(s) ( or cap(s)) with 
energy gap larger then the gap in the main absorbing layer to produce the "window effect" 
for the light generated during the hvl— >hv2 phototransition process. The examples are 
/MAyWy infGa^AsfSbV InAsSbP. In As flnAsSb/lnAs, n^-InAs/lnAsSb/n-lnAs, 

GaS6/lnAs£b/GaSb, 7/iP/InGaAs/InP double heterostructures and InP/ lnA sP. 
InAs/ Xn AsSb(Ga)* Ga*S MnAsSb(Ga), n*-InAs/ n'-ln(Ga)As . n* -InAs/ n -InAs , n -InSbln - 
InSb , heterostructures where CAPS are marked in ITALIC, and narrow gap active layers 
marked as underlined . 

The active layers may be doped with rare earths such as Gd, Er, Yb and some others since 
these dopants increase the external quantum yield of luminescence. 

The radiation source may contain coating contacting active layer or active layer cap which 
reduce internal reflection losses. The preferred materials are abovementioned chalcogenic 
glasses and polymer compounds. The coating may form Veershtrass sphere to form narrow 
far field pattern. 



The radiation source may be a device incorporating a p-n junction, such as a light emitting 
diode. 

It is believed that the invention overcomes the problem of temperature quenching 
associated with known sources of providing an LED with separated injection and 
recombination areas and dividing these areas, that is, creating the possibility of injecting in 
one material (say with Eg=1.4 eV) and recombining in the middle TR range in another 
material (say with Eg=0.25 eV), greatly increased efficiency of injection at high 
temperatures. 

In that connection, several structures with the broad band p-n emitter area and narrow band 
active area made from InAs(Sb) In(Ga)As(Sb), InAsSbP -alloys with peak emission at X= 
4.1, 3.7, and 3.3fim (300 K) respectively have been fabricated and studied with respect to 
high temperature gas sensing. 

The invention will now be described by way of example, and with reference to the 
accompanying drawings in which: 

Figure 1 is a schematic view of the radiation source in accordance with the present invention; 

Figure 2 is a sectional view through a semiconductor device in accordance with the present 
invention; 

Figure 3 is a sectional view through a second embodiment of a semiconductor device in 
accordance with the present invention and 

Figure 4 is a sectional view through a third embodiment of a semiconductor device in 
accordance with the present invention. 



Description 



In Figure 1, a schematic view of a radiation source in accordance with the present invention 
is shown. The device 10 comprises a first active area or layer 12 and a second active layer 
14. Injection of electric charge carriers, such as electrons and holes, occurs in the first active 
layer 12, with recombination of carriers occurring in the second active layer 14 to produce an 
emitted radiation of a frequency which results in a wavelength in the middle IR spectrum, 
i.e. around 3-7jam. The device has a layered structure with the first active layer 12 supported 
on a holder or base 16, to which electrical connections are made. A p-n junction 20 is 
supported on the uppermost surface of layer 12 and the second active layer 14 supported on 
the uppermost surface of the p-n junction 20. 

In such a radiation source, the injection area and recombination area are divided, instead of 
being positioned in a single p-n or hereto-p-n structure. This allows the material for the 
recombination area to be selected independently of the material used for the injection area, 
and so permits selection of materials having the most appropriate characteristics for the 
respective areas. Thus by dividing these areas, injection can occur in one type of material, 
with a band gap energy of, for example, Eg=1.4eV and recombination occur in another type 
of material with, for example, Eg=0.25eV. This allows the recombination material to be 
selected to produce emitted radiation in the middle IR range, without affecting the selection 
of the injector (p-n junction) material. 

If desired, an optical coupling layer can be placed between the p-n junction 20 and the 
second active layer 14, such that the second layer 14 interacts with the first layer 12 via the 
intermediate optical coupling layer. 

An embodiment of a semiconductor optoelectronic device incorporating the generalised 
features explained with reference to Figure 1 is shown in Figure 2. Semiconductor 
optoelectronic devices, and specifically those which act as sources of infrared (IR) radiation, 
can be used in gas analysis devices, spectrometers, and detector and communication systems. 

The device of Figure 2 comprises a plurality of different layers with appropriate electrical 



connections to enable it to function as a radiation emitter. Thus the device 30 comprises a 
holder 32 including electrical connections 34, 36 and 38, with an emitter layer 40 placed 
above the surface of the contacts 34, 36 and 38. A first active layer 42 made of a direct 
band-gap material is affixed onto the emitter layer 40 and above this first active layer a 
cladding layer 44 is deposited to form electrical confinement. The first active layer 42 
incorporates a p-n junction 48 where injection of carriers occurs indicated as a flow of 
electrons (4e) and holes (th). The layers 40, 42 and 44 are arranged such that they form a 
well for the injected carriers. The p-n junction lies within a well or at heterojuncions 40/42 
or 42/44. The active injection area is thus limited to an isolated area within the first active 
layer 42, above the electrical contact 36. This results in the emitted radiation from the first 
active layer 42 being produced as substantially a cone of radiation. 

Above the cladding layer 44, a substrate 54 is deposited through which primary radiation at a 
first frequency emitted by the first active layer 42 passes. An optical compound 58 adjoins 
the uppermost surface 60 of the substrate 54 and provides optical coupling between the first 
active layer 42 and a second active layer 62 placed on the uppermost surface of the optical 
compound 58. The uppermost surface of second layer is also known as the wide-gap surface 
of the graded-material, with surface 66 representing the narrow-gap surface of the graded 
material. 

Instead of providing the optical compound 58 as a coupling link between the two layers, the 
layers can be affixed together by adhesive or a suitable cement. 

The p-n junction is subjected to forward bias, which causes the carriers to be injected into the 
first active area 42. The carriers injected recombine, with emission of radiation in the near 
IR spectral range with energy hv=E previous . The quanta thus formed leave the first active area 
at frequency v, and fall into the subsequent additional(second) active layer 62, optically 
connected with the first, where they are absorbed near to the surface 66. As a result, minor 
photoexcited carriers are formed in the second area 62, and in their turn recombine with 
energy close to E subsequen ,+E f *k, where k = 0 for non-degenerated material and k = 1 for 
degenerated. The quanta thus produced, which have a frequency v, corresponding to the 
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middle IR spectral range, leave the additional active area 62 and create an output radiation 
suitable for practical application. 

The separation of the first and second active layers as shown in the devices of Figures 1 and 
2 allows different materials to be selected for injection in the first layer, and recombination 
in the second layer. 

Typically, the active layers comprise semiconductors from groups III and V of the periodic 
table, with different A 3 B 5 materials and/or their solid solutions used for the different active 
layers, so that the active layers can be selected to have different band gap energies. Using 
III-V based emitters ensures there is sufficient thermal conductivity in the different layers for 
thermal stability and also that the device has stability against moisture. 

By having separate active layers for injection and recombination, the final emitted 
wavelength of the source can be chosen from a wide range, and producing such devices is 
simplified as relatively thick layers of doped semiconductor material can be used when 
forming the device. It is possible to use a cascade of active layers made from different 
materials to produce an output radiation with a desired wavelength, and thus 3, 4, 5 or a 
plurality of active layers can be used in sequence within a device to achieve a particular 
output radiation. 

The device of Figure 3 has many features similar to those of the embodiment shown in 
Figure 2 and such features are denoted by the corresponding reference numerals used in 
Figure 2. The device shown in Figure 3 comprises a plurality of different layers with 
appropriate electrical connections to enable it to function as a radiation emitter. Thus the 
device comprises four active layers : 42 (first layer) and 62, 70, 71 (subsequent layers). 
Active layer 62 emitting at frequency hv : comprises double heterostructure with cladding 
layers 67, 68. The purpose of the claddings is to accumulate photopumped carriers in active 
layer far from the surface where high nonradiative recombination which is normally found in 
III-V narrow band semiconductors. 
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Layer 70 has energy gap which differs from that of layer 62 thus producing radiation with 
second frequency hv 3 * hv 2 . 

The uppermost surfaces of layers 62, 70 are coated by glass or compound 69 having 
refractive index smaller than that of 62 or/and 70 layer materials. The purpose of the coating 
69 is to decrease reflection losses of hv,, hv 3 radiation exiting the layers 62 and 70 
correspondingly. The shape of the coating may be made in a such a way as to collimate 
radiation exiting the light source (e.g. with Veershtrasse sphere). 

The active layer 71 is placed on top of the coating 69 in order to make optical connection to 
the radiation hv 2 , hv 3 which passes through coating 69. The hv, or/and hv 3 radiation is 
absorbed in the subsequent active layer 71 with subsequent emission at hv 4 frequency. 

By using an injector (p-n junction) material with a wide energy band gap, the efficiency of 
injection at high temperatures in greatly increased. The apparent inefficiency caused by 
additional phototransformation of quanta formed in the first active layer 42 and radiated in 
the subsequent optically connected active layer 62 by the absorption and recombination 
process hvl hv2, is overcome by the gain in efficiency of injection. Moreover, in most 
narrow band semiconductor light sources due to high electron mobility the recombination 
occurs in the p-type side of a p-n junction. However, p-InAs and related compositions 
(InAs(Sb), In(Ga)As, InAs(P), ...) suffer from strong Auger recombination and thus low 
quantum efficiency at room temperature is expected. Therefore creation of a separate active 
layer ( first and second active layers may be fabricated separately) permits to make any 
desired layer doping procedure ( including n-type doping or/and rare earth gettering) without 
reference to parameters governed by technological process of p-n junction creation in the 
narrow band material. The obtained freedom in the choice of active layer parameters permits 
thus to design source to work effectively in the middle IR spectral range at high 
temperatures, and be simple and cheap to construct. The band gap energy and the thickness 
of each subsequent active layer relative to the previous active layer satisfy the correlations: 



h V max— ^subsequent + E f *k < E prex - ious 

I/o. <d< l/ct exi , 
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where hv mjx is the maximum energy for the recombined radiation spectrum in the subsequent 
additional active area, optically connected with the previous active layer; 
Eprevious * s the ban ^ S a P ener §y °f the previous active layer optically connected with the 
present one; 

^sequent* E f are the band § a P ener §Y ^ the Fermi energy level of the subsequent optically 
connected additional active layer, respectively; 

d is the thickness of the subsequent optically connected additional active layer. Typical 
thickness range is from 10 nm to 10 jim or up to 100 (am for the graded crystals 
a en&7 and a cxil are the effective absorption coefficients for the radiation entering and exiting 
the subsequent additional active layer, respectively (typically a cncry =5 10 3 -T0 5 cm* 1 , a 
exil =5 10 2 -10 4 cm" 1 ); 

and there is, between two active layers, at least one layer of a substance with a refractive 
index of n which optically couples the two layers and which satisfies the correlation: 

1 n — n previous, subsequent 

where n prcvi0US! subsequent are the refractive indices for the previous and subsequent active layers, 
respectively. 

Introducing additional active layers, optically connected with the first and consisting of A'B" 
material and/or its solid solutions, into the device structure, with an energy band gap thai 
satisfies the specified correlations, and with the space (gap) between the active areas filled 
with a substance with a refractive index n, which satisfies the conditions Kn^n^^ subsequem , 
leads to the creation of a p-n junction (injector) in the material with a wide band gap. This 
greatly increases the efficiency of injection at high temperatures and also reduces the loss of 
radiation output received in the middle IR area at high temperatures, in so far as the angle of 
full internal reflection is increased at the edge of the previous and subsequent optically 
connected active areas. This leads to an increase in the source's efficiency. 



The introduction into a device such as an LED of a second active layer, optically connected 
with a previous active layer and consisting of A 2 B* material and/or its solid solutions, creates 



the possibility of transforming the wavelength of the radiation exiting from the previous 
optically connected active area in a given wavelength range. A 3 B 5 materials are preferred as 
they have a high absorption coefficient and a high internal quantum yield value. The 
application of other substances (for example, A 2 B 6 ) is generally ineffective, because their 
quantum yield is not great and they are less stable, especially at high temperatures and in 
moist atmospheres. The choice of energy band gap for the additional active area (taking into 
account k = 0) for non-degenerated material and k = 1 for degenerated) allows the radiation 
exiting from the previous optically connected active area to be absorbed. 

Failure to fulfil the condition E subscqucm + E f *k<E previous leads to an absence of photoexcitation 
of the carriers in the second active layer, because of the sharp drop in the absorption 
coefficient at energy levels below E subsequcnt +E f *k. The intended application of the source, 
and the emitted radiation wavelength required, determines the hv^ value. For sources used 
in gas analysers, the hv^ value usually coincides with the absorption band of substances 
analysed. The hv^ parameter must agree with the width of the forbidden band in the 
additional optically connected active area, that is, hv^ < E subscquem + E f *k. 

Fulfillment of the condition d > l/a mtty ensures that most of the radiation exiting from the 
previous optically connected active layer will be absorbed. When d < l/ct emry in the additional 
active layer, approximately 2/3"* less of the overall flow from the near IR radiation will be 
absorbed (I=I 0 exp (-ad)); this leads to 

a reduction in the efficiency of the transformation (output) of radiation and renders it 
impossible to use the source in practice. The condition d < l/cc exic must be fulfilled for the 
radiation from the middle IR range to be emitted effectively from the second active layer. If 
this condition is not fulfilled, much of the radiation will be reabsorbed in the second active 
layer, so reducing the intensity of the radiation emitted. 

By making the first and second active layers of graded band gap A 3 B 5 materials and/or their 
solid solutions, a range of sources with different emitted wavelengths can be provided as the 
growth of layers allows material with the required energy band gap to be produced. The 
narrow-gap active layer material is typically graded InAsSb(P) compositions which are 
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lattice mismatched with an InAs substrate, and have high quality and high quantum 
efficiency. 

These graded layers can be produced with the radial symmetry of a unit cell using the LPE 
growth method to produce epilayers having low dislocation density and plastically deformed 
substrates with high dislocation density. 

When the narrow-band gap surface is placed adjacent to the p-n junction, the effective 
absorption coefficient a cxit is sharply reduced, since the wide-gap areas of graded band gap 
material produce a 'window' effect for the radiation formed in the narrow-gap part. The ot exil 
calculation for the graded band gap material is set out in A. Berg & P. Din, ''Light Emitting 
Diodes", "Mir", Moscow, 1979, p578, and N.P. Esina et al, Sov Phys Semicond, Vol. 
15(1981), No 12, pp 13 72-4. In this way it becomes possible to use sufficiently thick layers 
(about 20-60|^m, VE g = 2- 30 meW/ jim), which, given the fragility of the A 3 B 5 materials, 
makes the technological process of producing the devices simpler. Positioning the narrow- 
gap surface adjacent to the exiting radiation side (that is, positioning the wide-gap surface 
adjacent to the p-n junction) leads to a significant reduction in the source's efficiency 
because of the absorption of exiting light. 

Examples of implementations of the device depicted in Figure 2 are now discussed below. 
Example 1 

The device in this example was produced by growing layers using the method of liquid- 
phase epitaxy(LPE) on a nMnP (Sn) substrate oriented in (100) plane. Firstly a layer of 
undoped n - InGaAsP with E g = 1.19 eV and thickness of d - 1.0 urn was grown and this 
followed by a layer of undoped n - InGaAsP (E g =1-01 eV. D - 0.4 urn), and then a layer of 
p+ - InGaAsP, doped with Zn (E g =1.01 eV, d - 4.7 \xm). The composition of the second 
layer was optimized for receiving radiation in the range of 1.21-1.23 |im at room 
temperature. The epitaxial structure was cleaved into rectangular chips 1 x 1 x 0.35mm 3 in 
size, which were soldered with indium on a standard TO- 18 holder with the p-layer 
downwards. The n-contact was made of indium on an InP surface, so that the free InP 
surface was 1 x 0.9 mm 2 in size. For the second layer, indium arsenide of 2-4 jam thickness 
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was used, with n- type conductivity where n=5 x 10 16 cm"\ The layer was fastened to the n~- 
InP (Sn) surface by point soldering with indium. The source thus produced was supplied 
with continuous current at 30mA and radiated at a wavelength of 3.5^im with a radiation 
spectrum half-width of 0.4|im. The radiation was recorded up to and including a 
temperature of 130°C, at which the spectrum peaked at 3.6jim. 

Example 2 

In the device according to Example 2, the epitaxial structure for the first active area is 
identical to that described in Example 1. Using standard photolithographical methods, a 
deep mesa 400 jam in diameter was created on the epitaxial structure, and an ohmic contact 
(Cr + Au) 260 mm in diameter was formed by vacuum sputtering. The contract with the n- 
area (Cr + Au) was horseshoe-shaped and was sputtered both onto the p-area outside the 
mesa and onto the n-area on the slopes of the outer mesa. The contacts were then 
strengthened by additional precipitation of galvanic gold. The crystals with the mesa 
structures and contacts were cut into rectangular chips of dimensions 0.3 x 0.9 x 1mm 3 and 
mounted onto a carrier( submount ) of semi-insulating silicon of dimensions 0.4 x 1.5 x 1.7 
mm 3 with contact areas of Sn + Pb. The narrow-gap active area was created as follows. On 
the indium arsenide substrate, a gradient layer of InAsSbP was grown, 60 (im thick, with an 
InAs 092 Sb 008 compound on the surface and an increase in phosphorus content towards the 
substrate, with a band gap gradient of 1-2 meV/jim. After the growth process, the InAs 
substrate was chemically etched off, leading to a final thickness for the layer of 20|im. The 
gradient layer achieved was fixed by spot soldering the narrow-zone surface to the InP 
sublayer using indium. The emitter produced using the above method radiated at a 
wavelength of 4.2 |im near the carbon dioxide absorption band and showed a stable 
performance up to and including 90°C. 

Example 3 

The radiation source was produced as described in Example 2. However, the gap between 
the InP substrate and the InAsSbP layer was filled with an optical polymer compound 
(epoxy) , transparent in the near IR region. The radiation output of the source was 2-3 times 
higher than in Example 2. 
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Example 4 

The radiation source was produced as described in Example 2. However, the first active 
layer was made of GaAs sandwiched between GaAlAs claddings. Several mesas have been 
made on a pumping LED chip all being bonded p-side down to the Si carrier ( submount). 
The top of GaAs LED was covered by heterostucture consisting of 70 jam thick n-InAs 
susbtrate (cap) and 1.5 |im thick InAs 0 92 Sb 0 08 active layer deposited onto InAs by LPE 
method. The heterostructure was cemented to GaAs LED surface by a As(16-38%)-Sb(2- 
18%)-S(20-30%)-Se(20-40%)-Br(4-17%) glass. The same glass was deposited onto the n- 
InAs cap. The radiation output of the source was 2-3 times higher than in Example 3. 

Examp le $ 

This radiation source was generally produced as described in Example 1. However the 
second active layer was composed of 70 jim thick n * InAs (n=2 10 18 cm * 3 , cap) and 1.5 \xm 
thick Gd doped n-InAs(n < 2 10 16 cm * 3 ) active layer deposited onto InAs by LPE method. 
The radiation output of the source was 2-3 times higher than in Example 1. 

Example 6 

This radiation source was generally produced as described in Example 1. However the 
second active area was positioned perpendicular to the p-n junction and parallel to (Oil) 
crystal plane. The p-n junction was supplied with short impulses (less than ljis) with a 
range of current of 7A. The radiation output was higher than with the methods mentioned 
above, and higher than Example 2, because the first active area began' working in a 
stimulated regime. 

Example 7 

The source was produced as described in Example 3, however the InAsSbP layer area was 
half the size, and the freed area on the InP surface was covered with an InAs layer, identical 
to those described in Example 1, so as to create a third active layer. The source produced 
radiated simultaneously in two wavelengths: 4.2 jim and 3.5 [im. 
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Example 8 

The first active area and the p-n junction were produced as in the previous examples. 
Second and third active layers, consisting of gradient layers of InAs,. x „ y Sb x P y and In Uv Ga v As,_ 
w Sb w were placed on the InP surface with compositions on the narrow-zone surface: x = 0.2, 
y = 0, v = 0.1. The faces of the second and third active areas were rectangular in shape and 
were firmly joined to each other along the line that divided the InP surface into two equal 
parts as normal. When voltage was applied to the p-n junction, the source radiated on two 
wavelengths: 5.5 fim and 3.9 urn, which corresponded to the phototransformation in the 
respective second and third active layers. Similar two- and multi-wave sources may be used 
in optical gas analysers with several measurement channels. 

Example 9 

This source had the same component parts as in Example 5, however the second and third 
active layers were positioned in sequence according to ray movements. The second active 
layer of InGaAsSb layer was joined to the InP using a compound, and the third active layer 
of InAsSbP was placed 10mm away from the InGaAsSb. This positioning of the areas 
allowed the production of a ray with a consistently changing wavelength (3.8-5.5|im ), 
suitable for use in spectroscopy. 

Example 10 

The source was produced as described in Example 1, however the second active layer was 
composed of n "-InSb/n-InSb structure fabricated by LPE method. The 2yim thick n-InSb 
active area adjoined the InP LED top layer through the As(16-37%)-S(24-30%)-Te(20-41%)- 
Sb(2-23%) glass (72) . The source emitted at 6 jam (300K). To couple the source with As 2 S 3 
fibre (73) the latter was glued by the glass mentioned in Example 4 as shown in Fig.4, in 
which elements corresponding to those of Figures 1 and 2 are denoted by the corresponding 
reference numerals in Figures 1 and 2. 

Example 1 \ 

The source was produced as described in Example 1, however the second active layer was 
composed of InAsP/InP structure with the increase of phosphors content towards InP 
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substrate. The 15um thick graded n-InAsP active area fabricated by LPE method adjoined 
the InP LED top layer through the As(16-37%)-S(24-30%)-Tef20-41%)-Sb(2-23%) glass. 
The source emitted at 2.1jim with FWHM of about 0.3 jj.m at room temperature. 
Preliminary evaluation shows that InAsSb-based 'radial symmetry' LEDs will be very stable 
with a narrow emission band (FWHM<600nm), high output power (over 50 000 nW) and 
will be several times cheaper. Thus these LEDs will enable to decrease the limit of detection 
by factor 2-4 since most gases (NO is an example) have narrow absorption bandwidth 
(FWHM-200 nm). 

Example 12 

The source was produced as described in Example 2, however the second InAsSbP graded 
band gap active layer was 60 jim thick and was intentionally doped with Gd from the melt 
during the layer growth. For a comparison three reference samples (No 1, No 2, No 3) have 
been grown so that the Gd concentration (N) increased with sample number, that is, 
N Gd4 > N Gd3 >N Gd4 >N Gdl . At low temperatures (77 K) all InAsSbP layers had nearly similar PL 
peak position (345 meV) but slightly different PL integral intensity which has a maximum 
value for sample N4 and which is 2-fold higher than for the undoped sample Nl. 

The room temperature emission spectra for four sources assembled from the above InAsSbP 
(Gd) layers peaked at 280-285 meV (carbon dioxide absorption peak) with the corresponding 
value of transmission of 0.3. The brightest LED (No 4) corresponds to the highest doping 
level and was four times brighter when compared to the source in Example 2. 

Example 13 

The source was produced as described in Example 13, however, the second InAsSbP graded 
band gap active layer was 25 fim thick only and has energy gap gradient of about 3-5 
meV/jim. The active layer transmission was about 0.6 at peak energy; integral efficiency 
was twice of that of the best device described in Example 12. 
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Thus the invention allows the creation of reliable and effective ambient operating light 
emitting diodes (LEDs) which emit in the 3000 to 6500 run spectral range and which can be 
used as light sources for infrared analysers including the fibre optic ones. The spectral range 
for the source operation can be extented to 8000-14000 nm range by appropriate choice of 
the second layer composition and layer arrangement. 
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C807.00/S 
Claims 

1. A radiation source comprising a first active layer coupled to a second active layer, 
wherein the first active layer produces primary radiation of frequency v { by appropriate 
stimulation, and the primary radiation is converted by the second active layer to secondary 
radiation of frequency v 2 for subsequent output. 

2. A radiation source according to claim 1, wherein additional active layers are provided, 
such that each active layer is coupled to a previous active layer, and each active layer 
subsequent to the first active layer modifies the radiation produced by the previous active 
layer. 

3. A radiation source according to claim 1 or claim 2, wherein coupling occurs by an 
intermediary layer disposed between the first active layer and the second active layer. 

4. A radiation source according to claim 3, wherein the intermediary layer is substantially 
optically transparent to the primary radiation, so providing optical coupling between the 
first active layer and the second active layer. 

5. A radiation source according to claim 3 or claim 4, wherein the intermediary layer has 
a refractive index n which is less than 1, and less than or equal to the refractive index of 
the active layers positioned either side of the intermediary layer. 

6. A radiation source according to any of the preceding claims, wherein the first active 
layer comprises a semiconductor junction. 

7. A radiation source according to any of the preceding claims, wherein the radiation 
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source further comprises an injection region incorporated in the first active layer, where 
injection of electrical carriers into the first active layer from the injection region stimulates 
the first active layer to emit the primary radiation. 

8. A radiation source according to claim 7, wherein the injection region is a p-n junction. 

9. A radiation source according to any of the preceding claims, wherein a first band gap 
energy is associated with the first active layer, and a second band gap energy is associated 
with the second active layer, the first band gap energy being much greater than the second 
band gap energy. 

10. A radiation source according to any of the preceding claims, wherein the active layers 
satisfy the following conditions: 

(1) hVjna^Esubsequent + E f *k < E previous 

(2) Va enay <d< l/a exit , 

where hv,^ is the maximum energy for the radiation reduced in a subsequent active layer 

optically connected with a previous active layer; 

Eprevious is the band gap energy of the previous active layer; 

Esubsequent, E f are the band gap energy and the Fermi energy level of the active layer, 
respectively; 

d is the thickness of the subsequent active layer; 

a and a are the effective absorption coefficients for the radiation entering and exiting 
the subsequent active layer, respectively. 

1 1. A radiation source according to any of the preceding claims, wherein the active layers 
are made of A 3 B 5 material and/or its solid solutions. 

12. A radiation source according to claim 1 1, wherein at least one active layer comprises 
InAsi-x-ySbxPy, where x+y<l. 

13. A radiation source according to claim 11, wherein at least one active layer comprises Ini 



_ v Ga v Asi-wSbw, where x+y<l, w<l and v<l. 

14. A radiation source according to any of the preceding claims, wherein the first active 
layer and the second active layer are made from a material with a graded variation in band 
gap energy. 

14. A radiation source according to claim 2, wherein the additional active layers are made 
from a material with a graded variation in the band gap energy. 

16. A radiation source according to claims 14 or 15, wherein the material with a graded 
variation possesses the radial symmetry of a unit cell. 

17. A radiation source according to claim 15 or 16, wherein the material with a graded 
variation adjoins the injection region along one edge where the material has a narrow band 
gap energy. 

18. A radiation source according to claim 1, wherein the radiation source is a light emitting 
diode. 
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C807.00/S 



Abstract 

Title: PaHiatinn source 



A radiation source (10; 30) is provided comprising a first active layer (10) coupled to a 
second active layer (14), wherein the first active layer (12) produces primary radiauon of 
frequency v, by appropriate stimulation, and the primary radiation is converted by the 
second active layer (14) to secondary radiation of frequency v 2 for subsequent output. The 
coupling between the first and second active layers is achieved by an intermediary layer 
(20) disposed between the first active layer (12) and the second active layer (14). The 
radiation 

source (30) farmer comprises a p-n junction (48) incorporated in the first active layer 42, 
where injection of electrical carriers into the first active layer (42) from the p-n juncnon 
stimulates the first active layer (42) to emit the primary radiation. 



[Figure 2] 
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TA/1A/1AKMH TeoprnCi HnKO/iaeBus 
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3aBeAy*oLMnPi oTAe/ioM 



M.kji. HOI L 33/00 ; H05B 33/20 



rio.aynpoBOiiiiMKOBbiH hctohhhk im<|>paKpacnoro iiuiyMemin. (^p^^) 

H3o6peTeHHe othochtch k oojiacTH nojiynpoBOTHMKOBOH onT03JieKrpoHHKH. 

KOUKpeTHO- K HCTOMHHKaM HHCppaKpaCHOrO (UK) H3/iyHeHHJJ H MO>KeT H3HTH npHMeHe- 

HHe b npH6opax ra30Boro aHanH3a, cneKTpoMeTpax, b cncTewax o6napy-AeHHfl h cbjhh. 

H3BecTeH no.iynpoBOAHHKOBbiH hctohhhk HK-H3JiVHeHHa, coaep>KaiuHH aKTHB- 
nyio oo/iacTb H3 MaTepnana A^B 5 c 3aaaHHOH ujhphhoh 3anpeweHHofi 30hm h p-n nepe- 
xon [1], H3Ji>"iaK)iUHH b cpeflHen HK-o6;iacTH cnempa. Hctohhhk Bbino/iHeH Ha ochobc 
reTepocTpyim'pbi n-InGaAs/p- InGaAs/n-InAs h npeflHa3HaneH jwa H3MepeHH« npo- 
3paHHOCTH qba3bi b oanac™ nojiocw nor/ioweHHH yrjieBO.aopo.aoB - 3.3mkm. ^octohhct- 
b3mh HCTOMHHKa hb."wk)tc« 6ojibiuoe BpeMfl >kh3hh (6ojiee 30000 nacoB) h y3KHH cneicrp 
H3jiyHeHH>i (\ienee 0.4mkm), hto no3BOJiaeT Hcnojib30BaTb ero ra3oaHajiHTHHecKofi an- 
napaType. 

He^ocTaTKOM hbjihctch HeB03MO^<HOCTb pa6(m>i npn noBbiiueHHbix TeMnepaTy- 

pax (He 6ojiee 80 C). 

H3BecTen no.ny n po boah h ko b bi h hctohhhk HK-H3/iyMeHH«, b3»twh 3a npOTOTHn, 
coaep/KaiUHH aKTHBnyK) o6^acTb H3 MaTepnajia A^B 5 c 3aziaHHOH lUHpHnofi 3anpemeH- 
hoh 30Hbi h p-n nepexoa [2], H3Jiy i iatomHH b 6/iH>KHeH HK-oojiac™ cneKTpa. KOTopbifi 
HNieeT B03MO>KHOCTb pa6oTbi npn noBbiujeHHbix TeMnepaTypax. HejiocTaTKOM HBJiaeTca 
OTcyTCTBHe B03MO/KHOCTH paooTbi b cpe/men HK-o6jiacTH cneKTpa, rae naxo-mTca oc- 
HOBHbie ((J)yHiiaMeHTajibHbie) nojiocbi nomoiueHH* BemecTB h r^e 3(J)(})eKTHBHOCTb pa- 
6otw anajiH3aTopoB Ha ochobc rannx hctomhhkob ocooeHHO Bbicona. 

3aAaMen h 3o6pCTc h ha no n.l nsnnercn pacLUHpenne ;mana30Ha Hi/iyMemiH hc- 
TOMHHKa npn noBbiujeHHbix TCMnepaTypax. 

3a^aMa peiuaeTCH co3/iaHHeM nojiynpoBOAHHKOBoro HCTOMHHKa HH^paKpacHoro 
H3^yneHH5!, cojaepacamero aKTHBHyio o6.nacTb H3 MaTepnajia A 3 B 5 h/hjih ero TBep/ibix 
pacTBopoB c 3aaaHH0fi ujhphhoh 3anpemeHHofi 30hw h p-n nepexo/L b kotopom, co- 
rjiacHO (J)opMy/ie h 3o6peTe hhh, hctomhhk AonoJiHHTenbHO co;iep>KHT no Menbiuefi Mepe 

OAHy OnTHHeCKH CBH3aHHyK) C nepBOH aKTHBHOH 06iiaCTbK) flOnOJlHHTejlbHyK) aKTHBHyK) 

o6jiacTb H3 MaTepnajia A 3 B 5 h/hjih ero TBep/ibix pacTBopoB, npHneM ujnpHHa 3anpe- 




;j\oi\ noc/ie^ytomefi opithmcckh 



HHOH aKTHBHOH 06- 



hv Max < E noc , L +E f *k<E 



l/ct HV ^ d < 1/cx, 



r/ie hv Max - MaKCHMVM cnenrpa pcKOMGHnaiiHOHHoro h uivmchhji b nocjicnyioiueH ;io- 

fl O/l I \ H TCJ1 b H O H aKTHBHOH o6jiaCTH, OI1THMCCKH CBH3aHHOH C IipeAbmymCH aKTHBHOH 06- 
HaCTbK), 

EnpcL- umpmia 3anpeuienHOH 30Hbi npe^biAymefl, ohthhcckh CB«aHHOH c cannon, aK- 
THBHOH o6^acTH, 

Enoc..,. h Ef - lunpHHa 3anpeiuenHOH 30Hbi h 3neprHH OepviH nocjie^yromeH ohthhcckh 

CBfl3aHH0H AOnOJIHHTejlbHOH aKTHBHOH o6jiaCTH, COOTBCTCTBCHHO, 

d- TOJlIUHHa nOCJie^lOmefi OnTHMeCKH CBH3aHHOH AOnOJlHHTCJlbHOH aKTHBHOH OOJiaCTH^ 
<X„ X . H a IIWX - 3(J)(}>eKTHBHbie K03(j)(|)HUHeHTbI HOrjlOLHeHHfl JUlfl BXOAHUierO H BblXOZtfl- 

-uiero H3 nocjicaytoiuefi flonojiUHTe/ibHon aKTHBHOH o6jiacTH H3JiyHCHHH, cootbctctbch- 

HO. 

3aAaneH no n.2 HsmtTCH oGecneneHHe bo3mo>khocth Bbi6opa ;uiHHbi BO/iHbi H3- 
jiy^ienHa b uinpoKOM /iHana30He h ynpomenne Texnojiornn H3roTOBjicnHH TaKHX npn- 

OOpOB 3a CMeT HCnOJlb30BaHHH CJlOeB 6oJlbllJOH TOJllHHHbl. 

3Ta 3a^ana peiuaeTC^ tcm, hto b iio/iynpoBOjiHHKOBOM hctohhhkc HK-H3J]yMenHH 
no n.i ^onojiHHTejibHaH aKTHBHa* 06/iacTb BbinojineHa na ochobc Bapn30HHoro MaTe- 
pnajia, npHHCM ero v3K030Hna>i noBepxnocTb pacnojiOyKcua co CTopoHbi p-n >riype*bjia; [. 

3a;;a i ieH no n.3 nsnnercn noBbinjeuHe 3(|)(J)ckthbhocth pa6oTbi HCTOHHHKa. 

3ra 3a;ia i ia peiuaercH Te\i, hto b no/iynpoBOAUHKOBOM hctomuhkc Hii^paKpacHO- 
ro-H3JiyMeiiM>i, co,acp>KameM aicrHBHyio o6;iacTb H3 MaTcpnajia A 3 B 5 h/hjih cro TBep- 
;ibix pacTBopoB c 3a^annoH lunpunon 3aiipemenH0H 30HW h p-n nepexo;x,corjiacno 
(j)opMyjie H3o6pcTCHHH, hctomhhk Aono^HHTCJibHO co^ep/KHT no MeHbiuen Mepe OAny 
onTHMecKH CBH3anHyK) c nepBOH aKTHBHOH o6;iacTbK> ziono/iHHTejibHyK) aKTHBHyK) 06- 
jiacTb H3 MaTepnajia A^B 5 h/wih ero TBep/ibix pacTBopoB, npHMCM wnpnua 3anpeuieH- 

HOH 30HbI H TOJILUHHa Ka>K/lOH HOCnCXiy K)IUC H OHTHHCCKH CBfl3aiJHOH aKTHBHOH OOJiaCTH 
>7lOB^eTBOpHK)T COOTHOWCHHflM 
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hv M „£ E nooI +Er *k<E npc . x 

U1.1 

m no MeHbuueH Mepe MOKfly abymh onTHnecKH cbh33hhi>i mm aKTHBHbiMH o6jiacT«MH BBe- 
jxch cjioh BemecTBa c K03(})(|)HUHeHT0M npejiOMJieHHfl n, y&OBjieTBopaiomHM cootho- 

UJCHHK)! 

1 ^ W — " lipCI.IHKVI* 

rjxe hv Max - MaKCHMVM cneicrpa peKOM6HHaunoHHoro H3/iyHeHH>i b noc/iejiyioLueH ao- 
nojiHHTC/ibHOH aKTMBHofi o6jiacTH, oiiTHMCCKH cB>i3aHHOH c npe/ibi;iyiiieH aKTHBHofi 06- 

JiaCTbK), 

E np c A - lu HpHHa 3anpemeHHofi 30Hbi npcabmymefi, onTHMecKH CBJoaHHOH c aaHHofi, aK- 
THBHOH 06iiaCTH, 

E nom h Ef - lu HpHHa 3anpemeHHOH 30hm h 3HeprHH OepMH nocjieziyiomeH ofithmcckh 

CB«3aHHOH AOnOJlHHTejlbHOH aKTHBHOH 06jiaCTH, COOTBCTCTBCHHO, 

{J- TOJllUHHa nOCJieiI\ r K)meH OHTHHeCKH CBH 3aHHOH JlOnOJIHHTeJIbHOH aKTHBHOH 06/iaCTH y 

oti, x h a I>wx . - 3(j)4>eicTHBHbie K034)(})HUHeHTbi nor/iomeHHM zum Bxo,afliuero h Bbixozw- 
"mero H3 nocjiejiyiouieH ;ionojiHHTejibHOH skthbhoh o6jiacTH H3JiyHeHHH, cootbctctbch- 

HO, 

n„pc;i.. n nncjL - noKa3aTe;iH npejiOMjiennfl npeAbi/iymeH h nocjicayjomen aKTHBHbix 06- 
.nacTeH, cooTBercTBeHHO. 

3aaa i ieH no n.4 ^bjihctch B03MOncnocTb Bbi6opa ajihhu bojihu H3JiyweHHH hctoh- 
HHKa no n.3 h ynpoinenne TexHOJiornn ero H3roTOB/ien hh . 

3th 3a^a«ia peiuaeTCH TeM, hto, b no/iynpOBOZUiHKOBOM hctomhhkc HH(|)paKpac- 
Horo H3Jiy i ieHH« no n.3 no MeHbiiiefi Mepe ojxjhb iionojinHTejibHaa aKTHBHaa o6jiacTb 
BbinojineHa na ochobc BapH30HHoro MaTepnajia, npHMCM cro y3K030HHaa noBepxHOCTb 
pacno/io>KeHa co cioponbi p-n nepexona. 

CyuiMocTb H3o6peTenHfl 3aKjiK>MaeTcn b cjicaytomeivr 
TpaAHUHOHHbifi no/ixofl b co3naHHH HCTOMHHKa b cpeAHefi MK-o6/iacTH COCTOHT B TOM, 
mto oGjiacTb HH>KeKUHH h peKOM6nHauHH pacnojio>KeHbi b eAHHofi p-n hjih reTepo-p-n 
CTpyioype. Pa3jiejiHB 3th o6jiacTH, T.e. co3^aB B03\io>KHOCTb hh^cckuhh b oahom MaTe- 
pnajie, a B03MO>KHOCTb pexoM6HHaiiHH b cpeimen HK-o6jiacTH - b zipyroM, aBTopw 
o6ecneHHjiH B03M0>KH0CTb CBo6o,abi b Bbi6ope MaTepnajia HH>KeKTopa( p-n nepexoaa). 



,xoMy „„™(p-,> nepexoa) B-pcp^e c oo^u.oh 

,„„ pH „o fi ,anpeme„„OH 30T hto pe,KO yaeaHMHao ^thTBct* " "P" 
no.™«.H» 3e M ne P aay P ax. HpH 3to» Ka^uaaac* „e,*,pe CT H.„ocT b , .«»..«. ao- 
„„ n „„,e nt H U M *oTo„pco6 P a30Ba„HeM kbbhtob, c*o P M.,poBa,n lw x a „c P boh b^hbhoh 

06„acr„ a Kaa„™, »3ay.,ac M B.*3aTeM a noceayBawea ohthmcckh c,,« .« aK3„B- 

„„ R ooa'acTH ..epea npouccc „o„,ou l c„„» » P CKOM 6 „„aUH„ bv, - hv, „cpcK-p M aaeTC» 
0M „n, W ,ue M a , W e«„a„„CT„ hhjkckumh. 3to np.acao k „oaOMy - b03»o>k- 

„ OCT „ a(J>(|)Ch'i hbhoh paoorM hcto Ka a c P e fl „eB HK-o6aacn, np„ «««« 

TeMnepaTypax. 

nOKa>KeM CVUieCTBeHHOCTb npH3naKOB. 
B.e M HHe B KOHCTpyKUHlO «OnOBHHTe,B„OH 3KTHBHOH o6aacTH (XOTa 6b, oa- 

„„ fl) on T „HecK„ cb, M h„oh c npe fl B, fl y Ul e B , H3 MT ep»aaa A*B» h/„,h cro Taepaa.x 
pacTBopo. ooecneMHaaer B o,MO>KHOCT b npeo6 P aao.aH„« aaH„ w bo.hb, H3ayae H „a b,„- 
xoaau,ero H3 npea.ayueH 0,n„MeCK„ caa3a„„OH aK3„a„0H ooaacan a ,aaa„no M a„a- 
' na ,o„e »»» aoa,, noCKoaaKy .aaepnaaB, aV hmcot bb.cokh* K03<t»+HU„e„T norao- 
„,e„„a ( nopaaK, 10W )■ a aa,oKe B.coKoe 3„aae„„e B„yTpe„„ero KfianTOBoro -„,- 
xoaa n P „MCHCH„e a P v,„x bcucctb (nan P „ M e P , A 2 B„ ) „e3M,=™ 3.K. K B a,„o.a,„ 
Bt ,xoa a „hx „cBca„K » ohm «e„ce cn6M.HU. oco6e„„o „ P » „obb,u,chmb,x 3CM„epa- 
iyP ax Ba,6op U.HPH..U aanpcue.moH 30„b, aonom.HTCBMOH ax-r„B„OH oo,acx„ (c 
y . laM K =0 3,3, ,.e.B, P o«c„„o r o MaaepHa.a aB, P o>K fl CH„o,o, o6ecne,„aae3 

H,ay.,c„„a. a b ,xoaawcro H3 npeauaywefi onTHMecKH c»»..k>« a-™- 

MOM OOJiaCTH. 

H»«h».hc.« vcjioBita i; ..,-K,«K<li,„., npaaeaer k oacvrcaau.o <i,030»o,oy>K- 

«,,« HOCHTCJ1CH B 30,,„ ro ,HTC„BM0H BKTHBHOM o6 M CT„ B C„aV P C,KOr„ C..H«H» »- 

a(p(pHUMCina no,ao,uCH„a „p„ 3„cp,„»x. mcb.uhx (W^) Ooaacaa, npHMCHCiiHa 

npeaaaraCMCO „ct.hhh«. onpeaeaaca ac;,H,„»y hv aoxopaa o6 M m„o coanaaaca c 

„„„ocoh «», a„aa„3„pyeMB,x acuecTB. noaaOMy »eo6xc,aH„o coraacoaaMHC 
,apa„ee aaaanHoro napaMeaxaa hv ,c «.«|»ho» aanpeu.cao. 30„a, aonoa„HTe3B„„„ 

OHTHMeCKH CBH33HHOH 3KTHBHOH o6jiaCTH.T.e. llV mux < t ,„„,, ^ 

HUH 3 TO rO yCOBH, H3Jiy l lCHHC, B—CC H3 jlOMOJlH HTCJlbHOH aKTHBHOM C« T , Me 

6y,e T coBna,ax b no napaMexpaM c Tpe6oB3HHJiMH anajiMTHMecKOH W . B-nonKCHHe 



ycjiOBH* d £l/ct BX ooe HBaeT nomomeHHe oojibiueH Ha^^3Jiy-ieHHa, Bbixo/wmero 
H3 npcabmymefi orrmHecKH cBjmHHofi 3kthbhoh o6jiacrH. ripw d< l/a BX b aonojiHH- 
TenbHOH skthbhoh o6nacTH nornomserca MeHee npH6jiH3HTenbHO 2/3 o6iuero noroKa 
6/iH>KHero HK-HSJiyHCHH* (I=I 0 exp (- ad)), mto npHBe^eT k chhjkchhio 3(P<J>ckthbhocth 
npeo6pa30BaHHfl (moiuhocth) H3JiyMeHH« h hcbo3mo>khocth Hcnojib30BaHH* hctohhhk3 
juifl npaKTHKH. Bwno^HeHHe yonoBHa d<l/ a HWX neooxojHMO Ana 3<p(peKTHBHoro bnboas 
H3JiyHCHH» cpeAHero UK /mana30H3 H3 aonojiHHTejibHofi skthbhoh o6/iacTH. npH He- 
Bbino/iHCHHH 3Toro ycjiOBHH 6ojibwaa nacTb H3JiyieHHJi 6yACT BHOBb norjiouwTbca b 

AOnOJlHHTejlbHOH 3KTHBH0H o6jiaCTH, H HHTCHCHBHOCTb BblXOflJJUierO H3JiyHeHHH OVfleT 
CHH5KaTbCH, npHBOAA K HenpHrOflHOCTH HCTOHHHKa. 

Flo n.2: co3,aaHHe flonojiHHTejibHofi skthbhoh o6jiacTH b BHjie BapH30HHoro M3- 
Tepwajia A 3 B 5 h/hjih ero TBepAbix pacTBopoB no3BO/iaeT peumTb 33Aany nojiyneHHa Ha- 

6opa HCTOHHHKOB C p33HblMH AJIHH3MH BOJ1H. T.K. nOCJIOHHOe CTpaBJIHBaHHe (HJ1H pOCT) 

no3BOJiaeT nojiynaTb MaTepHan c Tpe6yeMOH uihphhoh 3anpeiueHHOfi 30HW. npH pacno- 

JIOKCHHH y3K030HHOH nOBepXHOCTH CO CTOpOHbl p-Il nepeXOAa pe3KO CHHyKaeTCH 3(p- 
(peKTHBHblH K03(p(pHUHeHT nOHlOmeHHH a„i>lX , T.K. UJHpOK030HHbie 06iiaCTH B3PH30H- 

noro MaTepnajia oojisasiot scpcpeicroM " OKua" jw* HSJiyneHHH, C (popMHpoBaHHoro b y3- 
ko30hhoh nacTH. PacneT aubix Jina BapH30Hiioro MaxepMajia npnBcaeH b [3,4]. Tskhm 

06pa30M, IlOHBJlHCTCfl B03MOHCHOCTb HCnOJIb30B3Tb AOCT3TOMHO TOnCTbie C/10H ( OKOJIO 

60 mkm. VE g = 2 M 3B/mkm ), mto, yHHTbiBan xpynKOCTb MaTepHajiOB A 3 B 5 , ooecneMH- 
BaeT ynpouieHHe tcxhojiothh npoH3BOACTBa npnoopoB. PacnonoaceHHe y3K030HHOH no- 

BCpXHOCTH CO CTOpOHbl BblXOAHUierO H3J1VMCHHH (T.C pacnO^O>KeHHe UJHpOK030HHOH 

noBcpxnocTn co CTOpoiibi p-n nepexoaa) npHBCACT k cyiuecTBCiuiOMy chh/KCHhk) 3<p- 

(J)eKTHBHOCTH HCTOMHMKa H3-3a IIOrjlOUieHHfl Bbixojwmero CBeTa. 

riO n.3: BBCACHHC B KOHCTpyKUMK) ZlOnO^HHTe^bHblX OHTHMeCKH CB«3aHHblX c 

riepBofi aKTHBiibix o6jiacTeH H3 MaTepnsjia A 3 B 5 h /hjih hx TBepAbix pacTBopoB. c 
yAOB.ncTBopjnom.HMM onpeaejienHbiM cooTHOwenHHM uihphhoh 3anpemeHH0H 30Hbi h 
uihphhoh, h 3anojiHeHHe npoNieacyTKa MewAy aKTHBHbi mh o6jiacTHMH ( BBeaeHHe cjioh 
BemecTBa) BemecTBOM c K03(p(pHUHeHT0M npejiOMJienH* n, yAOBjieTBopaiomHM ycjio- 
bhio l<n<n, tpc ,,„K,-, roe n liptM . h n lloc ,- nonasaTejiH npejioMJienH* ohthmcckh CBasaHHbix 
aKTHBHbix o6nacTefi, hphboaht k co3A3hhk) p-n nepexoAa (HH>KeKTopa) b luaTepHane c 



6o/IbUJOH IIIHpHHOH M^eHHOH 30HW, P e 3 KO VEC/IH^er 3(pcpeKTHBHOCTb HH- 

xceKUHH n P H noBbimeHHwx TeMnepaiypax, a TajoKe cmmacr norepH moiuhocth nom- 
Mae.Moro b cpe^Hefi MK oGjiac™ npn noBbimeHHbix reMneparypax H3jiy«iem«i, nocKOJib- 
Ky VBCJiHMHBacT yi o;i nojworo BHyrpemiero OTpa>KCHHH ,.a rpaiiHue npeabuymefi h 
nocicayiouiefi oiith-icckh CBflsauiiux akTHBHbix o6jiacTCH. mto ripHBO/iHT k MOBbiiue- 

HHK> i(J)(peKIHBIH>CTH paUOTbl HCTOMHHKa. 

rio ii 4: Bbiiio;menne Jono/iimrejibHOH aici hbhoh oo/mciH na ocuoBe BapH30nno- 
ro Ma T c P Ha.ia c pacnojioaccHHCM cro ysKosoiuiofi noBcpxnocTH co cropoiibi p-n nepexo- 
jxa no3Bo^aeT no;iyMHTb ^(pckthbho pa6oTa»o U1 Hfi hctomhhk MK HijiyMCHHa, hmooiuhh 

B03MO>KIIOCTb H3TYMaTb pa3/1HMHbie AHHHbl BOJIH H AOCT3TOMHO npOCTOH B H3rOTOBJie- 
HHH. 

IlpeAnaraeMoe ycTpoficTBO cxe\iaTHHecKH H 3 o6paa<eHO na cp H r. ], rue: 

1 - nepBaa ak~rHBnafl oojiacrb, 

2 - p-n nepexcm, 

3 - ^ono;iHH rejibnaji aKTHBnaa o6jiacTb, 

4 - aep>KaTe;ib . 

PaGoTa ycTpoficTBa. 

Ha p-n nepcxofl noaaioT npa.Moe CMcmeime. HimuHnpyiomee hm>kckhhio HOCHTeaefi b 
ncpBVK) aKTMBnyio oojiacTb. HiiMccicriipoBaiiiibic hocmtcjih peKOMommpyioT c Bbijejie- 
hmcm M3Jiy.icnHJi b aiMjKucfi HK o6;iac™ cneKrpa c ™ C prncH hvsE Mpc;i . CcpopMHpo- 
BaHHbie T8KHM o6pa*>M KBaiiTbi noKHiiaiOT nep B y»o aKTHBuyio o6/.ac T b h nonaaajor b 
nocjie^yioinyto. 'lOiiojimncMbnyK). oiithmcckh CBasannyio c iicpBOM. aKTHBuyio of>- 
/lacrb. rue noniomaiOTca bo:ih3h noBcpxnocTH. o6painei«HOH k p-n ncpcxo^y. B pe3y;u>- 
xare bo Biopofi oo.iacru (JwpxiMpyioTca hcochobhwc. *OTOB036yac;icnnbie hocmtcjih, 
Koropbie b cboio o'iepe;u>. peKOMommpyjOT c )neprHeH. 6/ih3koh k E iwh .,,+ E,-*k . rnc k-0 
fljm neBbipoKACHiioi-o MarepHsuia h k I - ;uiJ) Bbipo^enno. o. Ilcwiy.ieiiiibie tokhm oo- 
pa30M KBaiiTbi. coo i bctctbvioiuhc cpcvmeMy HK- flHanasoiiy cneKrpa. noKHnaiOT ao- 
nojiHHTejibHyio aKTHBuyio oiviacTb n coiaaioT iiotok HSJiyMeiiHa, npHroanbiH w» 

lipaKTHMCCKOrO npHMCMCMHH. 

Hpc^iaracMb.H hctomhhk HK-h i/ivmchhh (npHMcp oriTHMa;ibnoio ivi» npaKTHKH 
BapnaHTa) cxeMaTHMecKH H3o6pa>Ken na (t>Hr.2. rue: 
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1 - nepBaa aKTHBua^ o6^^>, 

2 - p-n nepexoa, 

3 - flonojiHHTejibHaJi aKTHBHan o6nacn>, 

4 - flepacarejib, 

5 - y3K030HHa» noBepxHOCTb BapH30Hiioro MaTepnana, 

6 - ujHpoK030Hiia» noBepxnocTb BapH3omioro MaTepHana, 

7 - onTMHecKHH KOMnayHa, 

8 - rioiUio>KKa, 

9 - OrpaHHHMBaJOIUHH CJIOH, 

10 - 3MHTTep 

npHMeD 1. H3JiyMaTeJlb 6bIJI C03flaH B <pH3HKO-TCXHHHeCKOM HHCTHTyTe 

HM.A.O.Ho(p(J)e PAHjjum Hero MemaoM >KMflKO(pa3HOH 3nHTaKCHH Ha noanoacKe n -InP 
(Sn), opHeHTHpoBanHofi no wiockocth ( 1 00), 6wjih BbipameHbi cjieayiomHe cjioh: 1) n - 
InGaAsP (HejierHpOBaHHbifi) c E g = 1.19 eV h tojiwhhoh d - 1.0 Mr*, 2 ) n -InGaAsP 
(nejierHpoBaHHUH) cjioh (E g = 1.01 eV, d - 0.4 mkm), 3) p'- InGaAsP (jiernpoBaHHbiH 
Zn, E g = 1.01 eV, d - 4.7 mkm). CocTaB cjioh 2 6bui onTHMH3HpOBaH rjih nojiy'ieHH* H3- 
jiyMeHHH b o6jiacTH 1.21-1.23 mkm npn komh3thoh TeMnepaType. 3nHTaKCHajibHaa 
CTpyjcrypa pacKajibiBariacb Ha 'mnu pa3\iepaMH 1x1x0.35 mm 3 , KOTopbie MOHTHpoBaiHCb 
(iipnnaHBajiHCb HHjweM) na cTaimapTiiuH flepw<aTejib TO- 18 p-c/ioeM bhh3. n-KoirraKT 
(J)opMHpoBajica Ha noBepxnocTH InP hhjxhcm ran , mto CBo6oflHafl noBepxnocTb InP 
HMcna pa3Mepw 1x0.9 mm 2 . B KanecTBe BToporo aKTHBHoro cjioh Hcnojib30Bajica apce- 

HHfl HHJIHH TOJIUIHHOH 2-4 MKM O-THfia npOBO/J.HMOCTH C fl=2 10' 6 CM. CjlOH yKpeiVMJI- 

ch na noBepxnocTH n -InP (Sn) c noMOWMO tomcmhoh npnnafiKH nanneM. nony'iennbifi 

T3KHM 06pa30M HCTOMHHK 3anHTblBajlCH nOCTOHHHbIM TOKOM 30 mA h H3Jiy*iaji na jvimic 

BOJiHbi 3.8 mkm c no/iyiiiHpHHOH cnempa H3Jiy'ienHJi 0.4 mkm. H3Jiy«ieHHe perHCTpnpo- 
Bajiocb BnjioTb no Te.Mnepaiyp 130 C npn 3tom m3kchmvm cneicrpa CMemajica b juihh- 

HOBOJlHOByiO CTOpOHV H COCTaBJlHJl 3.9 MKM. 

npHNiep 2. 3nHTaKcnajibHaa CTpyicrypa juih nepBofi aKTHBHOfi o6jiacTH co3.aa- 
Bajiacb aHajiorHHHO onncaHHofi b npHMepe 1. MemaaMH cTaH^apTHOH (poTOJiHTorpa- 
(pHH Ha anHTaKcnajibnoH CTpyicrype co3iiaBajiacb rjiyooKaa Nie3a juiaMeTpoM 400 mkm, 
Ha KOTopyio HanbiJiHJica omhhcckhh KOHTaicr (Cr+Au) /maMeTpOM 260 mkm. KoHTaicr k 
rt-o6jiacTH (Cr+Au) hmcji dpopMy no/iKOBbi h HanbuiHJica KaK Ha p-o6jiacTb BHe Me3bi 



raK h Ha n-oonacTb Ha ck^x bhcuihch MCibi. HocTe nanu^pi KOHTa.cn>. ycmiH- 
ea^HCb 3a csex Aono/iHHre/ibHoro oca*AeHWi nuibBaHHMecicoro so^ora. KpHcrajuib. c 
Mesa cTpyKTN'paMH h KonraKraMH paapesa^cb na mhhm paiMepoM 0.9x1 mm 2 h mohth- 
posanHCb ..a „ocine.ib H3 no^H3onHpy.oiucro kpcmuhh. hmcoiuhh KOimucTHbie iuio- 
uiaAKH Sn-Pb. KaK >to noHuaiio b [5]. y 3 K030iiHaJi aK"T hbhbh oo;,acTb couaBuac. 
cjictvkmuhm oopaiOM. Ha iioajiokkc apcemwa miuum BbipaimiBajicJi rpwuicHTHbiH 
cnoH TBcpfloro pacTBopa InAsSbP tojiwhhoh 60 mkm c cociaBOM na ,iobc P xhocth 
lnAs.,,:Sbonx h nospacTaiiMCM coaqwcaHiw *oc<t>opa k .ukuiojkkc c rpawcHTOM ujh- 

p H Hb. 3aiipCIUCHHOH 30Hb. 1-2 M3B/MKM. OOCJIC BbipaUHBaHH* nOJUlOXMI XHMHMeCKH 

CTpaB.THBajiacb, np H 3tom OKOHMare/ibHa* -roiiuiHiia ctoh owia 20 mkm. nojyMeHHwfl 
rpaane hthw h com npHKpenjuuicn tohcmhoh naftKOH HtuneM y3K030HHOH noBepxno- 
cTbK) k noanosKicc InP. HsroTOBjietn.bm onHcaunbiM Bb.we o6pa30M H3JiyMaTe/ib H3ry- 
san Ha ahhiic bojihw 4.3 mkm b6jih 3 h no/.ocb. norjioiuciiH* yn,eKH C jioro ra 3 a h noKa- 
( 3 bma-3 cTa6H.ii>nyK) paooTy BnjioTb no 90 C. 

D p HMep 3 HCTOMHHK H3JiyMeHH» H3rOT3BJlMBBJICH TBRTKe -K3K OHHC3HO B H P H- 

M epe 2, oahbko „poM«KyroK MOKny hoabo/Kkoh InP h c.ocm InAsSbP wonmnc* on- 
thmcckhm hojihmc pubiM ko m n ay hjxo m , n P 03 P aMHb.M b 6,H>K.,eH UK ootbcth. k 3 k no- 
kbsbho na <PHr.2. Moiuhoctb HanyMCiiHa hctomhhkb 6w;ia b 2-3 paaa aw me. hcm b 



iipHMepc 1 



n pHMCP 4 HCTOMHHK H3Jiy'ICHHB H3rOTBBJlH BBJ1CH TaK. KaK OnHCBHO B npHMepC 

1, oaiiaico BTopan bktmbhbji ooiiacTb pacno^ara^acb ncpneiuiHicyjiJipHO p-n nepexoay h 
napa.-uici.bHO (011) cko.bm KpHcnuuia. P-n ncpexoa 3a.,HTWB«uic» ko P otkhmh hm- 
„ V ;,bcaMH ( mchcc 1 mkc) c aMmr.yz.on tokb 7 A. Mon.HOCb hviv'ichhh 6b..™ 5oj.cc . 
mcm Ha nopH-iOK Bbiuic, -.cm b npHMcpc 2 f oi.aro.ia P H Ha-,a.,v cTMMyj.HpoBam.oro pc- 

"/KHMa paOOTbl HCpBOH 3KTHBHOH OOi.aCTH. 

llp MM ep 5. Hctomhhk cowaBai.o. tbk. KaK oi.ncano b npuMcpe 3. Ofll.BKO HilO- 
wajib InAsSbl'-c.oH 6.,.J.a b 2 pa3a MCHbuie. a ocBo6oai.Buiai.cB ..a ..OBcpxHOCTH InP 
iijiouuuu. 6b.i.a noK P b..a cjiocm InAs. anaj.o. hmhmm om.eaHHb.M b npHMcpc 1. 

nOilVMCHHblH HC10MHHK H3i.yMai. O'.HOBpCMCHHO H3 ABVX JU1HH3X BOTH: 4.3 MKM H 3.8 



MKM. 



HoHMep 6 . nepsiu. bktiibhbb oOTacTb h p-n nepexoa BunoJiHeiiu tbk *e KaK h b 
npe^myumx npHMcpax. Ha noBepx hocth InP pasMeuuuiH aae AonojiHHTejibHUC bkthb- 
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Hbie o6jiacTH, cocto* h3 rpa/meHTHbrx cnoeB InAsi^^^Py h In M Ga v Asi. w Sb w c 
cocTaBaMH Ha y3K030HHOH noBepxHOCTH: x=0,2, y =0, v= 0J, w=0,l. flonojiHHTejibHbie 
aKTHBHbie o6iiacTH hmcjih Ha njiocKOCTH npHMoyro^bHyK) (J)opMy h 6buiH iuiotho npH- 
CTbiKOBaHbi ;ipyr k apyry n0 Jihhhh, ycjiOBHO jxcnnww noBepxHOCTb InP na <iBe paBHbie 
MacTH. IlpH noAane nanp»>KenH» na p-n nepexo/i hctomhhk H3JiyMaji na rbvx /Linnax 

BOJ1H -5,5 MKM H 3.8 MKM, COOTBeTCTByK)lUHX (|)OTOnpeo6pa30BaHHK) B iXByX aKTHBHblX 

AonojiHHTejibHbix oojiacTax. noAo6Hbie jxsyx- h 6ojiee bojihobwc hctomhhkh Nioryr hc- 
nojib30BaTbca b orrrHMecKHx ra3oanaj]H3aTopax b cxeiwax c HecKOJibKHMH KanajiaMH H3- 
MepeHHH. 

npHMep 7 . H3JiyHaTCjib hmcji tc we cocTaBHbie Mac™, hto h b npHMepe 5, o^HaKO 
AonojiHHTeJibHbie aKTHBHbie o6jiacrH pacnojiarajiHCb noc/ieaoBaTe/ibHO no xojxy jiyna, 
npHMCM Aono^HHTe/ibHa5! o6jiacTb H3 InGaAsSb 6buia npncoeaHHeHa k InP c noMoiubio 
KOMnayHAa, a BTopaa .aonojiHHTejibHafl o6jiacTb H3 InAsSbP 6bijia pacno/ioweHa ot 
InGaAsSb Ha paccToaHHH 10 mm. Tawoe pacnojio>KeHHe o6jiacTefi no3BOJiHjio nojiyMHTb 
jiyM c nocjie^OBaTejibHO MeHfliomeficfl auhhoh bojihw ( ot 3.8 jio 5.5 mkm), mto mohcct 
HcnoJib30Ba*n>CH b cneicrpocKonHH. 
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k d>opMyjia rpynnw mo6peTeiiHH. 



1. nojiynpoNWHHWBb.fi hctohhhk HHdppaKpacHoro HanyHCHW., coAepHcaiuHH aamaHyio 
o6j.acrb H3 MticpHiM A ? B 5 h/hjih ero TaepAbix pacraopoa c 3aAaHHofi uiiipiiHoft sanpe- 
uxeHHofi 30hb, ii p-n nepexoA, orjiiinaioiuiinca reM, hto, hctohhhk .nonojiHHTCJibHO coaep- 
>k„t no MCHbiiicn Mcpe 03 i.y ornimeCK.. cBunxxyK) c nepaofi aKTHBHOfi oojiacTMO aohoji- 
HirrejibHyK) aKTiiBHyio oo.acrb ,,3 Maitpnajio A J B S h/iuih ero T B e P Ab,x pacraopoa, npnneM 

UIHPHHB aanpCUieHHOn 30Hb. „ TOJllUHHa Ka^AOft nOCflWyiOlUeil OHTHHeCKH CBH3aHHOH aK- 
THBHOfi o6jiaCTH yjOB^CTBOpHIOT COOTHOLUCHH8M. 

hv M „< E„«.,.+Er *k<E 

l/a nt . <, 6 <. l/a„ M1 . ,rae 
hv_- MaKdiviyM cneK-rpa P eKOM6,u.auHOHHoro H3JiyHeHiia b nooicoyioiuen Aonojimrrejib- 
hoh aKTHBHOfi ofoiacn., onrimecKii CB«3aHHofi c npeflbinymcn aKTHBHOfi o6j.acrbK>. 
E npw - ujHpHHa aanpeuieHHoii 30Hb. npeabmymefi, onrHnecK.. CB^aHHofi c aaHHofi, aicruB- 



HOH OOJiaCTH, 



" 4 *E n0 c.v « E f - uiiipHHa 3anpemeHHofi 3 OHb, h 3Hepn« <t>e P M»i nocj,eAyK>wefi onTiiHecK,, cm- 

( \ 33HH0H flOnOJIHHTtUIbHOH aKTHBHOfi o6jiaCTH, COOTBeTCTBCHHO, 

k = 0; 1 - K03d>4>HU».eHT Ann HeBb.po*neHHoro h BwpwwieHHoro Maxepiuuia, cootbctct- 

BCHHO. 

d- TOJimHHa nocjieay,owefi oiminecH CB«aHHofi fl onoj.H»rrej,bHofi aKTHBHOfi o&iacro 
ct„, h a„ M , - 3(J)cpeKTHBHb,e K03cJ>H>HmieHTb. norjioiuemia aji* exowwero h Bb.xoAniuero 
„3 noaiwyioiuen jaonoJimrreJibHofi airniBHoIi oojiacri. innyHeHiM, cootbctctbchho. 

2. nOJ.ynpOBOAHHKOBb.fi HCTOHHHK HO H.l, OTJ1HH8IOIUHHCII TCM, HTO. HO MeHbll.efi Mepe 

o fl «a ao no ji h i itcji bHas ..m.BHa* o6j,acr b BbmojiHena na ochobc .apinoHHoro Marep.ia- 
jia, npiiHCM ero yjKOsoHHas. ..OBepxHOCTb pacnojio*eHa co cropoHbi p-n nepcxoaa. 

3. nOJ.ynpOBOAHHKOBb.fi HCTOHHHK „H+paK P aCHOrO H3J.yHCHHJJ, CO^awnfi aKTIIBHVK) 

o6j.acrb H3 MarepHajia A'B 5 h/hjh. ero TBepAb.x pacrBopoa c 3aAaH.,ofi wh P hhoh 3a- 
npemeHHofi 30Hb, „ p-n nepexoA. OTJ.HHaK.unnic TeM. hto, hctohhhk Aonoj.HHTej.bHO 
co«p*»rr no MeHbinefi Mepe OAny oirrmecKH cBS3aHHy.o c nepaofi aKTHBHOfi oSjiacrwo 
fl onoj,H,rrej.bHyK) aKTiiBHyK) o6j.acrb in MaTe P „aj.a A ? B S h/hjh, ero TBepAbix pacrao- 
poa, np.ineM umpmia sanpemeHHofl 30Hb. n TOJ.im.Ha aaxaoH nocj.eAyKm.efi on-roneac.. 

CB*3aHHOfi aKTHBHOfi o6j.aCTH yAOBJieTBOp»K)T COOTHOUieHHflM: 



hv 

l/a„ v < d <, 1/a 

„ no MeHbiuen Mepe siowiy AByM* orrniMecK.i cBH3anHb.Mii ax-riiBHbiMH o6jiacr*M.t BeeaeH 

cjioh BemecTBa c KO*M>iiuneHTOM npe-ioM.ieniw n. ynoBjierBopjuomuM coothouichhio. 

r/ic hv M „- MaKC.iMVM cneKTpa peKOMOiinauiiomioro iis^yMcmw b nocjicaywmeH aono;inii- 

TCJIbllOfl aKTHBHOH OOJiaCTH, OI1THHCCKH CB«ailllOU C lipCJbl jyUiCH 3KTH BHOM OOJiaCTbK), 

E iml pnna sanpewenHOi. 30Hbi npcabiaywcii, oiitii-icckh CBjnaHHOfi c jannoH, aKTiiB- 

HOM OOJiaCTH, 

E I1M .. ii Er- uiiipiiHa 3anpemenHor« 30iibi n Dneprim 0>epMii nocjieayiowefi onTHnecKii cb*- 

3aHHOM flOnOJlHUTCnbHOH aKTHBHOH OOJiaCTH. COOTBCTCTHCHHO, 

K = 0, 1 - K03(pcpnuneHT ann HeBbipovKaenHoro n BbipoaaeHHoro MaTepnajia, cooTBercT- 

BCHHO. 

d- TOJimima nocjieayioiiieJi onriiMecKH CBjmnHon nonojiHirrejibHoii aicniBHOH o6jiacrn, 
„ a,„ it a,,,.,, - 3(p(peKTiiBHbie K03(p(piiuiiCHTbi norjiomemiH an* BXOABiuero ii Bbixoflmuero 
H3 noc^enyioiuen AonojimrrejibHoii aKTHBHOH oojiacn. injiyHeHiM, cooTBercTBeHHO, 
n lipcl n „,„.., - noKasaTeaii npejiOMJieHii* npeflbyiymeii h nocjieayioineH aicrnsHbix oojiacreii, 

COOTBCTCl BCHHO 

4 HojiynpoBO^HMKOBbin hctom HiiK no .1.3. orj.HMaiouninc* reM. mto, no MCHbiiieii Mepe 
OAHa jonojiiurrejibHan aKTHBuaa oomcrb Bbinojweiia ..a ocuoBe BapmonHoro MaTepua.na. 
npiiMCM cro v3K030Hnafl noBepxHOCTb pac.io:.o>Kena co CTOpOHbi p-ii nepexo;ia. 



nOJiynpOBOAHHKOBWM HCTOMHHK 

iiHcJ>paKpacHoro nuiyiCHHSi- 



3 



riOJIYlTpOBOXIHHKOBblH IICTO'IIIHK* 

>in4>paKpaciioro iixivmchhb. 
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nom mmm m mow hhsfakpachgto mmm. 

( •RADH8HTK ) 



Tpouexpax. oacTeMax cbssh. <wb MCT0MHH Ka npa nosa- 

_ —xypax. M P~ — : TeiaMa FT 

a/ z " — — 

H p-n nepexoa. u Ha 3a _ 

npeweHHoa 30HH h tw* r noTHODieHMflW. no n.2 

«nn odJiacro yflOBJieTBopflioT onpe«eJieHHHi4 coorHoae^ 

ncTOHHHKa - » c« ^ ^ 0CH0Be Bap,- 

30H H oro aaxepHaaa. np^M ero ya 0B0W BCTOtMIK a 

oo oxopoHH p-n nepexo*, B ^ 
^KpacHcro mp« no n.3 

— paaoiH ~; r: — - — . — 

fjuoa aKTiiEHHX ooaacxea ^ ^ 

nap^pa. ( ^^^bhL — - — «* 

. r r~ Ha . — : oero 

ysKosoHBaH noaepcHcoT, pacn^HB co cTopoHH p- 
2 oaM.n.$-JW. 2 saB.n.<HM. 2 «uw. 



